Caseins are a known source of biologically active peptides. In this study, we have shown evidence of a novel anxiolytic activity in a tryptic hydrolysate of bovine α s1 -casein. Injection of 3 mg/kg of this hydrolysate significantly reduced the epileptic symptoms caused by pentylenetetrazole in rats. Anxiety reduction was also observed when the hydrolysate was tested in the elevated plus-maze and in the conditioned defensive burying rat models. Peptides isolated from the hydrolysate were examined for their affinity for the γ-amino-butyric acid (GABA) type A receptor. Only one peptide, named α-casozepine, corresponding to the 91-100 fragment from bovine α s1 -casein, expressed affinity for GABA A receptor. In vitro, the peptide had 10,000 less affinity for the benzodiazepine site of the GABA A than did diazepam. However, in the conditioned defensive burying paradigm it was 10-fold more efficient than diazepam. The difference observed between the in vitro and in vivo activity of α-casozepine could not been explained by an action via the peripheral-type benzodiazepine receptor; α-casozepine had no affinity for this receptor. The α-casozepine amino acid sequence could be related to the carboxyterminal sequence of the polypeptide diazepam binding inhibitor, an endogenous ligand of the central GABA A and peripheral-type benzodiazepine receptors.
or provide a calming effect. More than 60 years ago, it was reported that adults showed a higher tendency toward uninterrupted sleep after consuming a meal of cornflakes and milk (2) . Brezinova and Oswald (3), using electroencephalography, have found that sleep of old people is significantly longer and less broken after cereal-milk intake at bedtime and that the action of milk is more effective with serial administration. Those results would be associated with a conditioned response to milk that persists from infancy.
Milk proteins are the only proteins synthesized by mammals in order to feed their young. The effects of caseins in addition to being nitrogen providers for the newborn are considered, because many works have shown in the past 15 years that their enzymatic hydrolysis produces peptides with various biological activities (4) . The peptides found are opioid and opioid-antagonist peptides, angiotensine-converting-enzyme inhibitors, immunostimulating peptides, plateletaggregation inhibitors, phosphopeptides carriers of minerals (Ca 2+ , Fe 2+ ), mitogenic peptides, antibacterial peptides, and protease inhibitors. Their physiological role is often putative as most of these properties have been discovered by in vitro experiments. However, opioid peptides have been detected in vivo in duodenum of mini-pigs after bovine milk intake (5), in human adult gut after milk ingestion (6) , in serum of newborn calves after first milk intake (7) , and in plasma of pregnant or breast-feeding women (8) . In vivo activities have been evidenced for angiotensineconverting-enzyme peptidic inhibitors, because per os ingestion of fermented milk containing these peptides reduces blood pressure in rats suffering from genetic hypertension (9) . Nevertheless, the physiological purposes of the biological active peptides from milk caseins are not yet elucidated (10) .
These considerations have led us to try to determine whether the popular sedative and calming properties of milk could be carried by a peptide. On the one hand, the compounds reducing the function of the GABA-coupled chloride channel, as beta-carboline derivatives, produce pharmacological effects such as anxiety and convulsions (11, 12) . On the other hand, benzodiazepines (BDZs) or barbiturates, which enhance the GABAergic transmission, are anxiolytic and anticonvulsant. So, the GABA A receptor complex plays a major role in the pharmacology, neurochemistry and physiopathology of stress and anxiety (13, 14) . A deficiency of GABAergic transmission is also linked to epilepsy, because the inhibition of the expression of the GABA A receptor γ2 subunit by antisense oligonucleotide causes electrographic seizures (15) . A second BDZ-binding site with a predominantly mitochondrial localization has been identified and named "peripheral-type benzodiazepine binding site" (PBR), although it is present in all tissues, including the central nervous system. PBRs are implicated in steroidogenesis (16) . Drugs that bind to PBR in the brain may regulate neurosteroid production by glial cells, which in turn can act on the neuronal GABA A receptor and modulate neuronal activity and brain function (17, 18) . Some BDZs as 4'-chlorodiazepam (Ro5-4864) bind with high affinity to the PBR and isoquinolines, which are not BDZs, have a great selectivity for this receptor.
In the present study, we show that tryptic hydrolysate of bovine α s1 -casein have in vivo BDZlike activity. We identified the active peptide by in vitro screening by using the γ-amino butyric acid type A (GABA A ) receptor binding assay and was checked for in vivo activity.
MATERIALS AND METHODS

Bovine α s1 -casein preparation
Raw bovine milk from Holstein cows was skimmed by centrifugation (2,000 g, 20 min, 30Û& Caseins were precipitated by adjusting milk to pH 4.6 with 1 M HCl. After centrifugation (1,500 g, 20 min, room temperature), the precipitate was washed twice with distillated water and solubilized at pH 7.0 with 1 M NaOH. The precipitation at pH 4.6, washing steps and resolubilization in water at neutral pH were repeated twice. Sodium caseinate was lyophilized after the last solubilization at pH 7.5 with 1 M NaOH. α s1 -Casein was prepared from sodium caseinate by batch fractionation adapted from that described in ref. 19 . A quantity of 20 g of dry diethylaminoethyl (DEAE)-cellulose DE23 (Whatman, Maidstone, UK) was equilibrated in 150 ml of a 0.02 M sodium acetate buffer, pH 6.6, with 3.3 M urea, 0.035 M EDTA, and 0.1% (v/v) 2-mercaptoethanol and was mixed with 5 g of sodium caseinate solubilized in 100 ml of the same buffer. DEAE-cellulose and sodium caseinate were mixed gently for 15 min and filtered through Whatman n°41 filter paper. The DEAE-cellulose cake was dispersed in 250 ml of the same buffer, and the procedure was repeated twice. Elution of caseins was performed in two steps: first with 35 mM CaCl 2 and then with 70 mM CaCl 2 dissolved in 0.02 M sodium acetate buffer with 3.3 M urea. Each elution step was repeated twice. Filtrates were dialyzed and lyophilized.
Tryptic hydrolysis of α s1 -casein α s1 -Casein was dissolved in 50 mM ammonium formate buffer pH 8.5 to a final concentration of 0.2% (w/v). Seven N-α-benzoyl-arginine-ethyl-ester units of immobilized trypsin from bovine pancreas (EC 3.4.21.4) (Sigma, St. Louis, MO) were added to the solution, and hydrolysis was performed during 1 h at 37Û& ZLWK JHQWOH VWLUULQJ +\GURO\VLV ZDV VWRSSHG E\ FHQWULIXJDWLRQ (1,700 g, 5 min, 4Û&7KHVXSHUQDWDQWZDVHYDSRUDWHGXQGHUYDFXXPWRUHPRYHYRODWLOHEXIIHU and α s1 -casein total hydrolysate was redissolved in distilled water. The evaporating procedure was repeated five times. α s1 -Casein hydrolysate was then lyophilized.
Purification of α s1 -casein tryptic peptides α s1 -Casein peptides were resolved by reversed-phase chromatography by using a Hitachi-Merck system with an L6200 ternary pumping system, a Model 655A-40 automated injection and a sampling system (Merck, Darmstadt, Germany) coupled with a Waters Model 996 photodiode array detector controlled by a computer. Casein hydrolysate was run on a LichroCart C 18 column (250 × 4 mm i.d., 5 µm particle size, 10 nm porosity) (Merck). Peptides were eluted with a gradient from 5% to 40% of acetonitrile (Rathburn, Walkerburn, UK) in Ultra-High Quality water containing 0.1% (v/v) trifluoroacetic acid (TFA) (sequencing grade, Sigma) for 70 min at a flow rate of 1 ml/min. Peptides were collected manually. After lyophilization, these partially purified peptides were re-run in isocratic conditions. Peptidic fractions were lyophilized.
Amino acid analysis
Purified peptides were hydrolyzed in 6 M HCl with 0.5% (w/v) phenol and 0.1% (v/v) 2-mercaptoethanol under vacuum at 110 ± 2Û& GXULQJ K 7KH DPLQR DFLG FRPSRVLWLRQV ZHUH performed on a cation exchanger resin BTC 2410 with a Biotronik LC3000 analyzer (Munich, Germany) by using a ninhydrin derivatization of amino acids.
Peptide sequence
The sequence was determined in an automatic Edman degradation microsequencer Model 476A (Perkin Elmer Applied Biosystems Division, Foster City, CA).
Mass analysis
Mass of α s1 -casein peptides was checked by fast atom bombardment-MS (FAB-MS). FAB-mass spectra were acquired on a VG ZAB-HF double-focusing mass spectrometer (VG Instruments, Manchester, UK). The matrix used was thioglycerol, and samples were dissolved in methanol for loading onto the target. Ionization was achieved with a fast atom gun operated at 10 kV. For peptides in which mass was superior to 3,000 Da, we performed analysis by electrospray ionization-MS (ESI-MS) on a Bio-Q quadrupole mass spectrometer (VG Instruments) equipped with an electrospray ion source operating in the positive-ion mode. Peptidic fraction was mixed with 50% acetonitrile and 1% formic acid in water before positive ion electrospray. Scanning was from m/z 500 to 1500. Bovine α s1 -casein was analyzed by ESI-MS in the negative-ion mode.
Peptide synthesis
The peptide was synthesized on a Dupont Coupler 250 peptide synthesizer (DuPont Co., Wilmington, DE) from Nα-tert-butoxycarbonyl(Boc)-mesitylene-2-sulfonyl-arginine-4-(hydroxymethyl)-phenylacetamidomethyl-polystyrene resin (0.56 mmol/g substitution, Neosystem, Strasbourg, France), by using Boc solid-phase peptide-synthesis protocols. The peptide chain was assembled starting from 0.5 mmol mesitylene-2-sulfonyl-arginine linked to the resin by 2 h coupling of the Boc-Xaa (1.5 mmol), with the side chains of glutamic and tyrosine residues protected, respectively, by benzyl ester and 2,6-dichlorobenzyl ester in the presence of 2-(1H-benzotriazole-1-yl)-1, 1, 3, 3-tetramethyluronium tetrafluoroborate (1.5 mmol), and diisopropylethylamine (4.5 mmol) in dimethylformamide/dichloromethane (1:3). The completion of each coupling step was monitored by Kaiser ninhydrin and 2,4,6-trinitrobenzenesulfonic acid tests. Deprotection of the Boc group was achieved by 40% (v/v) TFA in dichloromethane. A standard cleavage with 18% (v/v) trimethylsilyl trifluoromethane sulfonate, 65% (v/v) TFA, 11% (v/v) thioanisol, and 6% (v/v) 1, 2-ethanedithiol afforded the crude peptide. Desalting was achieved on Sephadex G-25 with n-butanol/pyridine/acetic acid/water (15:10:3:12) as eluent. Peptide was purified by HLPC on a LichroCart C 18 column as described above.
GABA A receptor binding assay
Binding of tryptic α s1 -casein hydrolysate and purified peptides to GABA A receptors was studied by the drug discovery system kit (Nenquest™, NEN Life Sciences, Boston, MA) consisting of bovine cerebral cortex membranes in sodium phosphate buffer pH 7. . Ice-cold binding buffer (3 ml) was added, and rapid filtration through Whatman GF/B filter under vacuum stopped the incubation. Filters were washed twice with 3 ml of the same ice-cold buffer and put in counting vials with 10 ml of scintillation fluid (Ultima Gold, Packard, Meriden, CT). After one night at room temperature, the radioactivity was measured during 10 min on a Betamatic V counter (Kontron Instrument, Milton Keynes, UK s). Nonspecific binding value was subtracted. IC 50 and Hill number were obtained from Scatchard plot representation.
PBR radioligand binding assays
The assays were performed on MA-10 mouse Leydig cell mitochondrial preparations. MA-10 cells contain high levels of PBR localized primarily on the mitochondria (17) . MA-10 cells were scraped from 150 mm culture dishes into PBS and centrifuged at 500 g for 15 min. Mitochondria were prepared by differential centrifugation as previously described (20) (17) . Competition studies were carried out with a concentration of radioligand from 1 nM to 5 nM, and increasing amounts of the peptide. After 90 min incubation, assays were stopped by filtration through Whatman GF/B filters equilibrated in 0.1% polyethyleneimine and washed with 20 ml ice-cold PBS. Radioactivity trapped on the filters was determined by liquid scintillation counting. The dissociation constant (Kd) and the number of binding sites (B max ) were determined by Scatchard plot analysis of the saturation isotherms generated by using the LIGAND program (KELL, v.4.0, Biosoft, Inc., Ferguson, MO) (21) . The IC 50 from competition studies were also calculated by using the LIGAND program.
Sequence alignment
Alignment of diazepam binding inhibitor (DBI) from various species with α s1 -CN-(f91-100) was performed according to CLUSTALW method (22) .
Subjects
A group of 60 non-blood-related Wistar rats, weighing 180 to 230 g at the beginning of the elevated plus-maze experiment; 27 rats weighing 230 to 260 g at the beginning of the anticonvulsant experiment; and 48 rats weighing 280 to 300 g at the beginning of the conditioned defensive burying experiment were obtained from Iffa Credo (Saint-Germain sur l'Arbresle, France). Animals were adjusted to the laboratory environment 3 weeks before the beginning of the experiment. On receipt, the rats were individually identified and housed by groups of four to avoid the isolation stress in an air-conditioned room maintained at a constant temperature (22 ± 2Û&ZLWKKLQYHUWHGGD\QLJKWF\FOHOLJKWSPWRDP7DSZDWHUDQGVWDQGDUG diet (Extralabo, Pietrement, Provins, France) were available ad libitum. During the acclimatization period of two weeks, rats were weighed three times by week to avoid manipulation stress. Experiments were performed during the obscure phase of the cycle. All animal studies were conducted in accordance with the principles and procedures defined by the French Ministère de l'Agriculture et de la Pêche under agreement number A54540.
Elevated plus-maze experiment
Rats were randomly divided into three groups. The first group received an i.p. injection (2 ml/kg) of an aqueous solution of 0.5% (w/v) gelatin and 5% (w/v) mannitol. The second group received an i.p. injection of diazepam (2 mg/kg) (Hoffman-La Roche, Basel, Switzerland) suspended in the gelatin-mannitol solution. The last group received an i.p. injection of α s1 -casein hydrolysate (3 mg/kg) solubilized in the gelatin-mannitol solution. Rats were tested in the elevated plusmaze 30 min after the injection. They were removed from their cages and, according to Pellow et al. (23) 
Inhibition of pentylenetetrazole-induced seizures
On day 1, each of the 27 rats received an i.p. injection of 25% (v/v) dimethyl isosorbide ether (DMI) (Sigma) solution in water 30 min before receiving an i.p. injection of pentylenetetrazole (PTZ) (Sigma) (60 mg/kg) in saline (control n°1). Only the 17 rats that had developed seizures were then used for the control and treatment experiments. Such a procedure decreases the variance because response to PTZ differs among rats. For each experiment, an individual rat was observed during the 45 min following the PTZ injection. The parameters scored: crisis severity according to Racine scale (25) ("0" means absence of crisis after PTZ administration, "5" means complete crisis with balance losing); crisis latency (time between PTZ injection and the first visible sign of crisis); and crisis duration (time between the first and the last visible sign of crisis). On day 4, the rats received an i.p. injection of α s1 -casein tryptic hydrolysate (1 mg/kg) dissolved in 25% (v/v) DMI in water 30 min before the i.p. injection of PTZ (60 mg/kg) (assay n°1). On day 6, rats received an i.p. injection of 25% (v/v) DMI in water 30 min before the i.p. injection of PTZ (60 mg/kg) (control n°2). On day 10, the same experiment as day 4 was performed with an increased α s1 -casein tryptic hydrolysate dose (3 mg/kg) (assay n°2). Finally, on day 12, a third control was done (control n°3) under the same conditions as on days 1 and 6. Data were corrected by using the transformation x AE log(1+x). Analyses were performed by using repeated measures ANOVA procedure corrected by Greenhouse-Geisser epsilon (26) . Multiple comparisons were performed by using Fischer's PLSD test. Assay n°1 was compared with control n°1 and assay n°2 to control n°2.
Conditioned defensive burying experiment
The conditioned defensive burying test is based on Pinel and Treit's procedure (27) . On each of the 2 days before the test, the rats were placed individually in the test chamber without the shock-probe for 20 min. The conditioned defensive burying test was performed during the obscure phase of the cycle. The floor of the test chamber was covered with 5 cm of bedding material made of wood sawdust. On the center of one wall 2 cm above the level of the bedding material was a small hole through which the shock-probe was inserted. The rat was placed in the test chamber on the side opposite to the shock-probe. A single 2 mA shock was manually delivered when the rat touched the shock-probe with its forepaws for the first time. Once the rat received the shock, it recognized the shock-probe as the aversive stimulus. Burying behavior consists in a series of rapid and alternating movements of animal forepaws, moving and pushing a pile of bedding material over this aversive stimulus. The behavior of the rat was recorded for 5 min after it received the shock.
The 48 rats were put randomly into four groups. The first group received an i.p. injection (2 ml/kg) of a 0.9% (w/v) NaCl solution, the second group received an i.p. injection of diazepam (1 mg/kg) suspended in 0.9% NaCl solution, the third group received an i.p. injection of α s1 -casein hydrolysate (3 mg/kg) solubilized in 0.9% NaCl solution, and the last group received an i.p. injection of purified α s1 -CN-(f91-100) (0.4 mg/kg) solubilized in 0.9% NaCl solution. Compounds were injected 30 min before the test. An observer, who analyzed the results, was unaware of the experimental conditions of the animal. Duration of probe burying, number of head stretchings towards the probe, number of approaches towards the probe, and number of retreats away from the probe were scored. The percentage of approaches toward the probe followed by retreats was calculated (i.e., the ratio of the retreats to the approaches). An approach was scored when the animal approached the shock-probe at less than 2 cm or touched it. A retreat was scored when an animal, close to the shock-probe, ran away speedily at the opposite end of the probe. A subject that was not shocked after 5 min was discarded from the study. We analyzed all data by using ANOVA (24) .
RESULTS
Preparation of α s1 -casein tryptic hydrolysate
The purity of α s1 -casein prepared by batch chromatography with CaCl 2 step gradient elution was estimated to be 96% by PAGE with 4 M urea. Analysis of α s1 -casein by ESI-MS shows most intense mass anion at m/z 23617. The B variant of bovine α s1 -casein-8P, which is the major variant in Holstein cows, has a calculated M r of 23615. Mass anion m/z 23696 was also observed. The difference m/z 79 observed between the two mass anions corresponds to the molecular mass of the phosphate group of a phosphoseryl residue. Thus, the α s1 -casein fraction contained α s1 -casein-8P and α s1 -casein-9P, of which the sequence contained an additional phosphorylated serine residue. The main α s1 -casein tryptic peptides (Fig. 1) were characterized and identified by retention time and spectral analysis in reversed-phase HPLC (28) , amino acid analysis and FAB-MS. In our conditions, we found nonspecific tryptic cleavage, whereas some bonds involving lysine or arginine residue were found totally or partially resistant to tryptic hydrolysis. The Arg 1 -Pro 2 bond, which has been already described by Kaminogawa et Anticonvulsant activity of the hydrolysate was assessed in vivo with rats. A value of 2,700 s (observation duration) was arbitrarily assigned to crisis latency when an animal did not develop an epileptic crisis. Figure 2 shows a sensitization of animals to PTZ with increasing experiences. The latency of crisis significantly decreased from 156 ± 10 s (control n°1) to 116 ± 10 s (control n°3) (P<0.01). Difference was also significant between controls n°1 and n°2 (125 ± 12 s) (P<0.02). The same phenomenon was observed with the clonus duration because the mean value increased nonsignificantly about 4 min between control n°1 (562 ± 122 s) and control n°3 (801 ± 169 s). No modification in crisis severity was observed in the course of the three control experiments, because animals were selected according to their great sensitivity to PTZ. Intraperitoneal injection of 1 mg/kg of α s1 -casein tryptic hydrolysate significantly reduced the severity of the crisis (P<0.02). Compared with the first control, the mean value of the severity decreased from 3.7 ± 0.2 on Racine scale to 2.8 ± 0.4. With this dose, the clonus duration did not differ significantly from the control and the increase of crisis latency was not significant. The i.p. injection of 3 mg/kg of α s1 -casein tryptic hydrolysate led to a very significant reduction of PTZ action. Compared with control n°2, the mean value of crisis severity decreased from 3.6 ± 0.4 to 2.1 ± 0.5 (P<0.002) (Fig. 2A) . The mean value of crisis latency significantly increased (P<0.005) from 125 ± 12 s to 1047 ± 314 s and the mean value of clonus duration significantly decreased from 728 ± 174 s to 404 ± 123 s (P<0.005). Because of the sensitization of animals during experiments, α s1 -casein tryptic hydrolysate would probably have a more intense effect. These results show a significant antagonist effect of α s1 -casein tryptic hydrolysate on PTZ action in Wistar rats. α s1 -Casein tryptic hydrolysate anxiolytic activity
The elevated plus-maze test was used to evaluate the anxiolytic effect of the α s1 -casein hydrolysate (Fig. 3) . The general activity of the rats on the plus-maze was not modified by saline, diazepam, or α s1 -casein tryptic hydrolysate i.p. injection because the number of closedarm entries did not differ significantly among the three groups. The percentage of time spent in the open arms differed significantly in the three groups (P<0.02). The diazepam-treated rats spent significantly more time in the open arms than did the control rats. For the α s1 -casein tryptic hydrolysate, this parameter was not raised significantly. The percentage of time spent in the open arm is generally less straight than the percentage of entries in the open arms to measure anxiety (30) . Diazepam and α s1 -casein tryptic hydrolysate significantly (P<0.02) enhanced the percentage of entries into the open arms (15.1 ± 3.0% of entries for the saline control group vs. 33.8 ± 5.9% and 29.3 ± 5.3% for the diazepam and α s1 -casein tryptic hydrolysate-treated groups, respectively). An experiment of conditioned defensive burying was carried out on male Wistar rats to confirm the anxiolytic activity of the α s1 -casein tryptic hydrolysate. Similarly to diazepam (1 mg/kg i.p.), the α s1 -casein tryptic hydrolysate, administered at 3 mg/kg by i.p., significantly decreased the duration of probe burying compared with saline, from 81.4 ± 19.7 s to 24.2 ± 10.8 s (P<0.005) (Fig. 4A) , the number of head stretchings towards the probe (P<0.01) (data not shown), and the percentage of approaches toward the probe followed by retreats (P<0.01) (Fig.  4B) .
Affinity of α s1 -casein tryptic hydrolysate and α-casozepine for GABA A receptor Affinity for the BDZ site of GABA A receptor was tested because the tryptic hydrolysate produced the same effects as did drugs acting at the BDZ receptor (anticonvulsant activity, increase of the entries in the open arms without general activity change in the elevated plus-maze test, and modification of the conditioned defensive burying behavior). Anxiolytics that act through the 5-hydroxytryptamine receptors do not necessarily give positive results in the elevated plus-maze test (buspiron acts as an anxiogenic drug in this test (31) . Displacement studies of [methyl-
3 H]flunitrazepam showed that α s1 -casein tryptic hydrolysate interacted with the BDZ site of GABA A receptor with an IC 50 of 72 µM and a Hill number of 0.8. The peptides of the α s1 -casein tryptic hydrolysate were prepurified by reversed-phase HPLC on C 18 column in gradient conditions and lyophilized twice to remove TFA. The purified peptides were rechromatographied on a C 4 column in isocratic conditions, and the same lyophilisation procedure was carried out. All the peptides were recovered and tested in competition with [methyl-3 H]flunitrazepam. Only one fraction competed with flunitrazepam for the BDZ site of the GABA A receptor. This fraction contained only one peptide, of which the sequence was found to be Tyr-Leu-Gly-Tyr-Leu-Glu-Gln-Leu-Leu-Arg and the molecular mass, determined by FAB-MS, was 1266.6 Da. This corresponded to the α s1 -CN-(f91-100), consequently named α-casozepine, whose calculated molecular mass is 1266.1 Da. The two aromatic residues of this peptide allow determination of its concentration by spectrophotometry by using an ε value of 2810 cm -1 .liter.mol -1 at 275 nm. The calculated IC 50 value for this peptidic fraction was 88 µM, and the Hill number was 0.8. The IC 50 value for diazepam was 8.2 nM, and the Hill number was 1.2 under the same conditions. The peptide corresponding to α-casozepine was synthesized by using Boc solid-phase peptide-synthesis protocols, and the sequence was checked by Edman sequencing. The synthetic peptide, which displaced [methyl-3 H]flunitrazepam from the BDZ site of GABA A receptor with a calculated IC 50 of 370 µM and a Hill number of 0.8, was about four times less potent than the natural one. The others peptides of the α s1 -casein tryptic hydrolysate had no affinity to the BDZ site of the GABA A receptor. None of them competed with the [methyl-3 H]flunitrazepam for this site. Consequently, the α s1 -CN-(f91-100) carries the entire anxiolytic activity of the hydrolysate.
α-Casozepine anxiolytic activity α-Casozepine was tested in the conditioned defensive burying in order to confirm that it carries the anxiolytic activity of the α s1 -casein tryptic hydrolysate in vivo. The peptide administered i.p. at 0.4 mg/kg (0.32 µmol/kg) decreased significantly the duration of probe burying in comparison with saline (18.8 ± 13.7 s vs. 81.4 ± 19.7 s; P<0.005) (Fig. 4A) . Other parameters such as number of head stretchings towards the probe (data not shown) and approaches towards the probe followed by retreats (Fig. 4B) were decreased too (P<0.005). The α s1 -CN-f(91-100) produced significant anxiolytic-like effects with efficiency similar to those of diazepam at 1 mg/kg (3.5 µmol/kg) i.p. in the conditioned defensive burying model. 
DISCUSSION
Cow's milk has long been considered a tranquilizing beverage with a sleep-inducing role, but the molecular bases of this belief are unknown. Cow's milk contains BDZ-like molecules (32), probably diazepam and its metabolites, but at very low concentration-between 0.5 and 2 µg/liter (33). As it seems unlikely that bovine tissues can synthesize heterocyclic ring with a chlorine atom, these substances would be either of external origin, such as mushroom grazing, or synthesized from plant precursors by rumen microorganisms. Such molecules are also found in human breast milk from women who do not take BDZs (34) . The mean concentration of BDZlike substances in human milk is 4.3 ± 2.3 µg/liter (35), whereas they are undetectable in women's blood. In the present work, we found evidence of a peptide resulting from bovine α s1 -casein hydrolysis with BDZ-like activity. α s1 -Casein was chosen because it is the major protein from bovine milk (36) . Trypsin was used to hydrolyze α s1-casein to approach an in vivo digestion, because it is one of the major proteolytic enzymes of the gastrointestinal tract. Anxiolytic molecules, such as BDZs, contain several aromatic rings. This finding potentially eliminated chymotrypsin (EC 3.4.21.1) and pepsin (EC 3.4.23.1), two other major physiological enzymes, of which preferential cleavage sites include aromatic residues. Activity of pepsin is very low in the newborn during the first 3 weeks (37) due to a stomach pH higher than 5, and trypsin is the only protease of which concentration is similar to that in adults (38) .
In the present study, we have shown that i.p. injection of α s1 -casein tryptic hydrolysate significantly reduced PTZ-induced seizures in Wistar rat. PTZ greatly reduces chloridedependent responses to the iontophoresis of transmitters (39) . PTZ modifies GABAergic mediation because it leads to a total or partial inhibition of GABA-induced 36 Cl -uptake in primary cultures of cortical neurons (40) . PTZ also increases the concentration of glutamate and decreases that of GABA (41) because it is involved in the inhibition of glutamate dehydrogenase (EC 1.4.1.3) and aspartate transaminase (EC 2.6.1.1) and in the stimulation of GABA transaminase (EC 2.6.1.19). It has been shown recently that an acute injection of PTZ decreased GABA A receptor γ2, α1, and β2 subunit-mRNAs in cerebral cortex and cerebellum and affected the coupling mechanism between the GABA and BDZ sites of the GABA A receptor (42) . PTZ administered chronically in rodents induces kindling, and these animals show an enhanced susceptibility to convulsions induced by different inhibitors of central GABAergic function. PTZ may be then associated with a persistent reduction in the inhibitory function of the GABAergic system in the brain (43) , and PTZ-induced seizures can be considered as a model of epilepsy mediated through a specific interaction with the GABA-gated chloride ionophore. Diazepam and medazepam have a marked anticonvulsive effect on the clonic-tonic convulsions in PTZ-kindled rats (44) . After i.p. injection of α s1 -casein tryptic hydrolysate, we have observed a reduction of the crisis severity and an increase of the crisis latency, which were similar to the effect of diazepam (2 mg/kg) i.p. injection (data not shown). The hydrolysate would modulate the GABAergic transmission. Although the injected dose of PTZ to nonkindled animals was an acute convulsive dose (the mean stage 4 dose of PTZ in nonkindled rats is 75 mg/kg, 45), it caused seizures in only 63% of the rats. DMI used to dissolve the tested molecules had a slight protective effect against PTZ-induced seizures, so the injected dose of PTZ can be considered as a subconvulsant dose. The repeated injections of such a subconvulsant dose during the five experiments should have produced a progressive sensitization to the effects of PTZ in the animals, which became kindled (46) . It has been shown that doses ineffective after the first injection induce tonic seizures after 20 injections (47) and that kindling effect is proportional to the dose of PTZ (48) . The decrease of crisis latency and the increase of clonus duration among the control experiments show that kindling increased sensitivity to PTZ convulsant effects. Consequently, the protective effect of the α s1 -casein tryptic hydrolysate against PTZ-induced seizures was probably minimized.
The elevated plus-maze test was chosen to measure anxiolytic effect of the α s1 -casein tryptic hydrolysate. Brain serotonergic, noradrenergic, and GABAergic mechanisms are involved in the regulation of conflict behavior; but the GABA A /BDZ receptor complex plays the most central role in this context. In the elevated plus-maze paradigm, diazepam reduces open-arm avoidance; whereas flumazenil, a BDZ antagonist, has no significant behavioral effect (49) . In the present experiment, a reduced open-arm avoidance was observed with diazepam and α s1 -casein tryptic hydrolysate because the ratio of entries into the open arms to the total number of arm entries enhanced by comparison with control. This parameter is reliable in assessing the anxiolytic activity of drugs so the elevated plus-maze is commonly used. The standard measures sometimes give false-negative results, as with BDZs injected to animals habituated to gentle handling or tested in less-aversive conditions (50) . On the contrary, no false-positive results have been reported, and this finding strongly supports the anxiolytic-like activity of the α s1 -casein tryptic hydrolysate. The conditioned defensive burying paradigm was then chosen to verify the anxiolytic effect of the hydrolysate. When rats are electrically shocked once through a stationary probe, they then bury it with material from the floor of experiment chamber. This "conditioned defensive burying" response is dose-dependent, reduced by various anxiolytic drugs (51) . Full and partial BDZ agonists decrease the probe burying duration, which is the crucial parameter (52) . BDZ antagonists, such as flumazenil, do not affect the duration of burying (53) , whereas BDZ partial inverse agonists lead to a reduction of burying. So, other parameters are needed to differentiate agonists from partial inverse agonists. Full agonists, such as diazepam, increase exploratory approaches to the probe and decrease escape movements from the probe (decrease of the percentage of approaches toward the probe followed by retreats), whereas partial inverse agonists produce a decrease of exploratory approaches to the probe without changing the frequency of retreats (increase of the percentage of approaches towards the probe followed by retreats) (52) . A decreased probe-burying duration and a decreased percentage of approaches towards the probe followed by retreats were observed in the α s1 -casein tryptic hydrolysatetreated group. The diazepam-like profile observed in the elevated plus-maze paradigm and in the conditioned defensive burying experiment revealed an anxiolytic-like activity of the α s1 -casein tryptic hydrolysate consistent with its binding to the BDZ site of the GABA A receptor. Only one peptide of the tryptic hydrolysate, the α s1 -CN-(f91-100), displaced [methyl-
3 H]flunitrazepam from GABA A receptor. The synthetic peptide displayed the same activity, confirming that α-casozepine carries the total anxiolytic activity.
The fact that the synthetic peptide was less active in vivo and in vitro than the natural one has already been observed with biological active peptides prepared from caseins (54) , but this finding is not explained. In the conditioned defensive burying paradigm, the α s1 -CN-(f91-100) displayed the anxiolytic activity observed with the α s1 -casein tryptic hydrolysate. An i.p. injection of 0.4 mg/kg of peptide in the rat led to the same behavioral results than an i.p. injection of 1 mg/kg of diazepam. Considering the difference in the molecular weight, the α s1 -CN-f(91-100) might be about 10 times more active than diazepam in vivo, whereas it was less affine than diazepam for the BDZ site of the GABA A receptor in vitro. Some BDZs, such as diazepam or flunitrazepam, exhibit relatively high affinity for the BDZ site of the GABA A receptor and for the PBR, which may play a part in anxiolytic response via the steroidogenesis regulation (55) . However, the important in vivo anxiolytic activity of the α s1 -CN-(f91-100) cannot be explain by such a mechanism because this peptide exhibited no affinity for the PBR and did not significantly affect the progesterone production by MA-10 Leydig cells (data not shown). Changes in peptide conformation due to microenvironment modifications could also be also hypothesized to explain the difference between the in vivo and in vitro activity of α-casozepine.
Until now, investigations to identify an endogenous agonist ligand of the BDZ site of the GABA A receptor have failed (56) . However, an 86-residue peptide called DBI, first isolated from rat brain (57) , in vitro inhibits competitively the binding of BDZs to their receptor with a Ki of 4 µM. DBI is the precursor of two molecules named octadecaneuropeptide (ODN) (DBI-(f33-50)) and triakontatetraneuropeptide (TTN) (DBI-(f17-50)) carrying BDZ receptor binding activity. In vivo, DBI and its active fragments are anxiogenic (58) . DBI also displays epileptogenic activity and seems to be a peripheral marker of epilepsy (59) . The comparison of bovine DBI and α s1 -CN-(f91-100) sequences by the CLUSTALW procedure (Fig. 5) leads to an alignment in the carboxy-terminal region of the DBI (residues 73 to 82). Three residues are identical and four residues are homologous. According to Andersen et al. (60) , DBI-(f66-83) corresponds to a helical region with potential amphipathic properties. Whereas only 15% of the α s1 -casein residues are in α-helixes, α s1 -CN-(f91-100) belongs to a helical region (61) . Curiously DBI-(f73-82) and α s1 -CN-(f91-100) have a similar primary structure and share the same secondary structure. This DBI region does not belong to the ODN or the TTN that bind on BDZ site of the GABA A receptor. The DBI-(f73-82) injected at 1 mg/kg i.p. in the Wistar rat displayed a significant anxiolytic activity in the plus-maze experiment (data not shown).
In conclusion, an anticonvulsant and anxiolytic molecule not structurally related to BDZ could be formed from bovine casein during digestion. The α s1 -CN-(f91-100) peptide bound to the BDZ site of the GABA A receptor but not to PBR. The physicochemical characteristics and the pharmacological action of α-casozepine lead us to hypothesize that this peptide might play a role, as an external ligand, in the regulation of the nervous system of the mammalian newborn and might be involved in the traditional calming properties attributed to milk. 1 . Separation of α α α α s1 -casein tryptic hydrolysate peptides by reversed-phase HPLC on a C18 column at room temperature. The gradient (dotted line) was 5%-40% of acetonitrile in water containing 0.1% (v/v) TFA for 70 min at a flow-rate of 1 ml/min. Injection was of 400 µg of hydrolysate. Peptide identification: peak 1=α s1 -CN-(f1-3), peak 2=α s1 -CN-(f101-103), peak 3=α s1 -CN-(f80-83), peak 4= α s1 -CN-(f4-7), peak 5= α s1 -CN-(f125-132), peak 6= α s1 -CN-(f84-90), peak 7=α s1 -CN-(f120-124), peak 8= α s1 -CN-(f35-42), peak 9= α s1 -CN-(f80-90), peak 10= α s1 -CN-(f59-79), peak 11= α s1 -CN-(f43-58), peak 12= α s1 -CN-(f35-58), peak 13= α s1 -CN-(f106-119), peak 14= α s1 -CN-(f104-119), peak 15= α s1 -CN-(f8-22), peak 16= α s1 -CN-(f194-199), peak 17= α s1 -CN-(f91-100) and α s1 -CN-(f152-193), peak 18= α s1 -CN-(f23-34), peak 19= α s1 -CN-(f125-151), peak 20= α s1 -CN-(f133-151). latency parameter (B) , values are the mean of the time (seconds) needed to observe the first parameter of crisis ± SE (if no crisis parameter was observed a value of 2700 s was taken in account). For the duration parameter, values are the mean of the total time (seconds) of crisis±SE. * P < 0.02; ** P < 0.005; *** P < 0.002 by repeated measures ANOVA procedure corrected by Greenhouse-Geisser epsilon. Values are (A) the mean ± SE of time (s) spent to bury the probe, (B) the mean ± SE of the percentage of approaches towards the probe followed by retreats (number of retreats to number of approaches). ** P < 0.01; *** P < 0.005 by ANOVA procedure. 
